(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

28.11.2001 Bulletin 2001/48 

(21) Application number: 0161O050.5 

(22) Date of filing: 22.05.2001 



(H) EP 1 158 671 A2 

EUROPEAN PATENT APPLICATION 

(51) int CI. 7 : H03H 9/15 



(84) 


Designated Contracting States: 


• Huggings, Harold Alexis 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Watchung, New Jersey 07060 (US) 




MC NL PT SE TR 


• Miller, Ronal Eugene 




Designated Extension States: 


Riegelville, Pennsylvania 18077 (US) 




AL LT LV MK RO SI 


• Murphy, Donald Winslow 






Green Brook, New Jersey 08812 (US) 


(30) 


Priority: 23.05.2000 US 576807 


• Wong, Yiu-Huen 






Summit, New Jersey 07901 (US) 


(71) 


Applicant: Agere Systems Guardian Corporation 






Miami Lakes, Florida 33014 (US) 


(74) Representative: 






Plougmann, Vlngtoft & Partners A/S 


(72) 


Inventors: 


Sankt Annae Plads 11 , 


• 


Barber, Bradley Paul 


P.O. Box 3007 




Chatham, New Jersey 07928 (US) 


1021 Copenhagen K (DK) 



(54) Acoustic mirror materials for acoustic devices 



(57) A reflector stack or acoustic mirror arrange- 
ment for an acoustic device is described which may at- 
tain the highest possible impedance mismatch between 
alternating higher and lower impedance reflecting layers 
of the stack, so as to maximize bandwidth . The arrange- 
ment may also reduce manufacturing costs by requiring 
fewer layers for the device, as compared to conventional 
acoustic mirrors. The thinner reflecting stack is accord- 



ingly fabricated in reduced time to lower cost, by incor- 
porating materials providing a larger acoustic imped- 
ance mismatch than those currently obtainable. The 
bandwidth of the resulting acoustic resonator device 
may be widened, particularly when a low density mate- 
rial such as aerogel, CVD Si0 2 and/or sputter deposited 
Si0 2 is applied as topmost layer in the reflector stack/ 
acoustic mirror arrangement of the device. 
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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to bulk acoustic wave devices such as acoustic resonators, and more particularly 
to acoustic mirror materials used in these devices. 

DESCRIPTION OF THE RELATED ART 

10 [0002] In recent years, much research has been performed in the development of bulk acoustic wave devices, pri- 
marily for use in cellular, wireless and fiber-optic communications, as well as in computer or computer-related infor- 
mation-exchange or information-sharing systems. There is a trend in such systems for operation at increasingly higher 
carrier frequencies, principally because the spectrum at lower frequencies has become relatively congested, and also 
because the permissible bandwidth is greater at higher frequencies. Piezoelectric crystals have provided the basis for 

is bulk acoustic wave devices forfiltering orfrequency control such as oscillators, acoustic resonators andfilters, operating 
at very high radio frequencies (on the order of several gigahertz). 

[0003] In many high-frequency applications, filters such as band pass and/or band stop filters are based on dielectric- 
filled electromagnetic cavity resonators with physical dimensions that are large, since they are dictated by the wave- 
length of the resonating electromagnetic wave. Due to the interaction between electrical charge, stress, and strain in 
20 a piezoelectric material, such material acts as a transducer, which converts energy back and forth between electro- 
magnetic and acoustic (i.e., mechanical) energy. Thus, a piezoelectric material incorporated in a structure designed 
to have a strong mechanical resonance provides an electrically resonant device. 

[0004] The velocity of an acoustic wave, however, is approximately 1/1 0000 that of the velocity of an electromagnetic 
wave. This relationship between the wave's velocity and device dimensions thus allows a reduction of roughly this 

25 factor in the size of certain devices, including acoustic resonators, employing this material. In other words, an electrical 
filter based on acoustic waves may be much smaller than one based on electromagnetic waves. To achieve this size 
reduction, one must use a mechanical material that transduces between electromagnetic and mechanical energies. 
For example, such may be a piezoelectric, magnetostrictive or elect restrictive material. Although the discussion below 
focuses on piezoelectric materials for transduction, the transduction is not limited to these materials, but may by attained 

30 using one of the other above-noted materials, and/or a combination thereof. 

[0005] Acoustic resonator devices containing piezoelectric materials, such as thin film resonators (hereinafter "TFR") 
are typically used in high-frequency environments ranging from several hundred megahertz (MHz) to several gigahertz 
(GHz). Figure 1 illustrates a side view of a conventional TFR component 100. In Fig. 1 , TFR component 100 includes 
a piezoelectric material 110 interposed between two conductive electrode layers 105 and 115, with electrode layer 115 

35 formed on a support structure 120. 

[0006] The support structure 120 can be a plurality of alternating reflecting layers (acoustic mirrors) provided on a 
solid semiconductor substrate which may be made of silicon, sapphire, glass or quartz, for example. The support 
structure 120 can alternatively be removed after device fabrication leaving a free standing membrane type device. The 
piezoelectric material is commonly selected from the group comprising at least ZnO, CdS and AIN. Electrode layers 

40 105 and 115 are generally formed from a conductive material, such of Al, but may be formed from other conductors 
as well. 

[0007] These acoustic resonator devices are often used in filters, more particularly in TFR band pass and/or band 
stop filter circuits applicable to a myriad of communication technologies. For example, TFR filter circuits may be em- 
ployed in cellular wireless and fiber-optic communications, as well as in computer or computer-related information- 
's exchange or information-sharing systems. 

[0008] In these acoustic devices, any sympathetic vibration or mode has a response curve showing how at a certain 
frequency the amplitude of mechanical response goes through a peaked maximum for fixed excitation strength. Be- 
cause of the coupling of mechanical and electrical energy in a piezoelectric film, there is also an electrical current 
response peak where the film produces a maximum current for a fixed voltage since the mechanical motion produces 
50 charge at the surface of the piezo. This peak defines the "zero" resonant frequency of a acoustic resonator (i.e., the 
term refers to the zero or low impedance to the flow of current.) 

[0009] The piezoelectric film also produces a polarization current like a capacitor, since it is a dielectric. This current 
increases linearly with frequency for a fixed voltage, and since the mechanical resonance is narrow (about 1 part in 
1 00 changes in frequency) the polarization current can be essentially thought of as constant while the piezoelectric 
55 current goes through its peak. 

[001 0] In view of the above, a second electrical feature, the "pole" frequency or frequency of highest impedance can 
now be understood. The pole frequency is the frequency at which the piezoelectric and polarization currents most 
nearly or substantially cancel each other out. Since the piezoelectric current has a peak and reverses its polarity through 
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resonance, its value essentially cancels that of the nearly constant polarization current at one frequency— the pole 
frequency. Therefore, the separation between pole and zero resonant frequencies is dependent in one respect on the 
properties of the piezoelectric material, and the mechanical resonance that is explained in more detail below. 
[0011] As discussed above, the separation in frequency between pole and zero resonant frequencies in an acoustic 
5 device such as a TFR is determined by properties of the piezoelectric film, and more particularly by the mechanical 
and electrical properties and/or characteristics of the piezoelectric. For a piezoelectric film comprised of AIN, the frac- 
tional separation is about 3% of the resonance frequency for a plate geometry suspended in air, such as in a membrane 
type TFR (e.g. the lateral dimension is large as compared to the film's thickness). 

[0012] Fig. 2 illustrates a conventional Bragg reflector stack constituting acoustic mirror layers of an acoustic device 

io such as a TFR. The reflecting stack 125 of Fig. 2 corresponds somewhat to substrate 120 of Fig. 1 , and illustrates the 
make up of the acoustic mirrors in more detail. Referring to Fig. 2, the conventional acoustic mirror arrangement or 
Bragg reflecting stack 125 comprises a plurality of alternating mirror layers of a high acoustic impedance material, 
such as AIN layers 130a-d, and a low acoustic impedance material such as SiO a layers 135a-d, that are provided on 
a substrate 140 such as silicon, for example. Other conventional reflecting stacks used in acoustic devices such as 

15 TFRs typically include acoustic mirror layer combinations of Si 3 N 4±x /Si02 as well. 

[0013] Acoustic impedance is the product of a material's density and speed. This relation is important because, as 
a sound wave passes between two unlike materials, the portion of the wave reflected by the interface therebetween 
is larger for a greater difference in impedance between the differing materials. Accordingly, a common theme of the 
inventors is that, in order to fabricate a good acoustic mirror, and hence acoustic resonant device, it is desirable to 

20 place materials having as dissimilar impedance as possible against each other for maximal reflections. 

[0014] However, there is at least one drawback in fabricating acoustic resonator devices such as TFRs with the 
reflecting stack 1 25 illustrated in Fig. 2. The mechanical resonance, and hence the piezoelectric current response peak 
of the resonator is altered when a device is fabricated on an acoustic mirror, as compared to the case where the device 
is fabricated as a membrane. Unfortunately, for a resonator solidly mounted on an acoustic mirror, the pole frequency 

25 is reduced to a value closer to the zero frequency of the resonator. Moreover, use of conventional acoustic mirrors 
comprised of the above-noted AIN/Si0 2 layers (as well as the Si 3 N 4±x /Si0 2 layer combination) disadvantageously 
reduce this separation to around 2%, down from the 3% achievable when an AIN piezoelectric layer is in a membrane 
form. 

[0015] This is an undesirable characteristic, because in filter design the maximum bandpass filter bandwidth achiev- 
30 able is proportional to the pole-zero separation. Additionally, important filter applications such as GSM (global system 
for mobile communications, a cell phone standard widely used in non-US based systems) require substantially all or 
as much of the bandwidth that an AIN membrane-based TFR filter can provide. Thus, using a non-optimal acoustic 
mirror may prohibit AIN from being used as the piezoelectric material in some of the larger market filter applications, 
such as GSM noted above. 

35 [0016] Further, the current acoustic mirror arrangement requires a substantial number of alternating reflective layers, 
providing for a bulkier resonator device that requires longer manufacturing process time and cost. This is because the 
number of layers required depends on the degree of acoustic mismatch between them, and the AIN/Si0 2 and Si 3 N 4±x / 
Si0 2 layer combinations currently used do not represent the highest possible impedance mismatch. To restate, at each 
interface there is a reflection of energy; and if each reflection is weak because of poor impedance mismatch, more 

40 layers are therefore required to achieve the total desired reflection. 

[0017] Accordingly, the greater the acoustic impedance mismatch between the piezoelectric layer and the topmost 
or first acoustic mirror layer, the closer the acoustic device approaches its maximum achievable bandwidth, or limit 
achievable, as compared to the case where the layer was made of air, for example. Air presents an enormous imped- 
ance mismatch with any solid material, simply because its density is typically a factor of at least 1000 lower than the 

45 density of the adjacent solid material. Maximal impedance mismatch is also important, albeit to a lesser extent, for the 
interfaces between each pair of subsequent mirror layers . since it is always beneficial to have a large acoustic imped- 
ance mismatch, when maximum bandwidth and fewer required layers are desired. Therefore, what is needed is a 
reflecting stack for an acoustic device which can attain the highest possible impedance mismatch between the reflecting 
layers of the stack so as to maximize bandwidth : and which reduces manufacturing costs by requiring fewer layers for 

50 the device, as compared to conventional acoustic mirrors. 

SUMMARY OF THE INVENTION 

[0018] The present invention provides a reflector stack for an acoustic device which comprises alternating layers of 
55 materials having a substantial acoustic impedance mismatch therebetween. In one aspect, the reflecting stack incor- 
porates higher impedance layers of material that are determined based on the elastic constants and density of the 
materials, with known low impedance material layers to achieve a desired large mismatch. 

[0019] In another aspect, the reflecting stack is formed from a low density material that is deposited by chemical 
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vapor deposition (CVD) and/or sputtering on a substrate. The aforementioned higher impedance materials calculated 
as a function of their elastic constants may be combined with the low density material formed by CVD and/or sputtering 
to further increase the acoustic impedance mismatch, as well as to reduce the number of mirror layers required in the 
reflecting stack of the acoustic device. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The present invention wilt become fully understood from the detailed description given hereinbeiow and the 
accompanying drawings, wherein like elements represent like reference numerals, which are given by way of illustration 
10 only and thus are not limitative of the invention and wherein: 

Fig. 1 illustrates a cross-section of a typical thin film resonator (TFR) acoustic resonator device; 
Fig. 2 illustrates a conventional Bragg reflector stack of a TFR; 

Fig. 3 illustrates an acoustic mirror arrangement where the reflector stack is configured as a conductor; and 
15 Fig. 4 illustrates an acoustic mirror arrangement where the reflector stack is configured as an insulator. 

DETAILED DESCRIPTION 

[0021 ] The present invention provides a reflecting stack or acoustic mirror arrangement for an acoustic device, which 
20 may attain the highest possible impedance mismatch between the reflecting layers of the stack so as to maximize 
bandwidth, and which may reduce manufacturing costs by requiring fewer layers for the device, as compared to con- 
ventional acoustic mirrors. The reflecting stack is fabricated in a reduced time to lower cost by incorporating materials 
providing a larger acoustic impedance mismatch than those currently attainable. In addition, the bandwidth of the 
resulting resonator device may be widened, particularly when the sputter-deposited and/or CVD low density material 
25 js the topmost layer as deposited in the acoustic mirror of the device. 

[0022] The idea to use of a low density (at least about 1 .0 g/cm 3 or lower) material was determined from applications 
which utilize a low density dielectric constant material. However, the fact that these materials have low dielectric con- 
stants is superfluous, it is the low density characteristics of these materials that is desirable to applications in the 
aforementioned acoustic devices. Moreover, what is even more important is the fact that the same process used to 
30 lower the dielectric constant of the low density material may also be used to lower its density, and therefore its imped- 
ance. This in turn enables a higher impedance mismatch between layers of the stack to be achieved, of which is 
particularly crucial between the topmost, or first low density material layer in the mirror arrangement, and the piezoe- 
lectric material layer. 

[0023] As discussed above, the separation in frequency between pole and zero resonant frequencies in an acoustic 
35 device such as a TFR is determined by the mechanical and electrical properties and/or characteristics of the piezoe- 
lectric. For a piezoelectric film comprised of AIN, the fractional separation is about 3% of the resonance frequency for 
a plate geometry suspended in air. 

[0024] Alternating low and high acoustic impedance materials of quarter wave thickness transform the impedance 
of the substrate to a greatly reduced value due to the constructive interference of reflections from boundaries between 

40 the many layers. This keeps the acoustic energy favorably trapped and resonant near the piezoelectric layer. However, 
bigger mismatch between piezo and mirror and/or between mirror complimentary materials results in a widening of the 
range of frequencies of this effectively lowered acoustic impedance; i.e., it keeps the energy trapped even more favo- 
rably in the immediate topmost layers. The limit to this desired broad range of low impedance is when air, with its very 
low impedance, is used instead of a low impedance material as the first layer in the mirror. 

45 [0025] The effect of this ideal air "mirror is accordingly independent of frequency. The result of a broader range of 
reduced impedance is a lessening of the change in mechanical response of the resonator device, near its resonance, 
due to the mirror, and thus a closer to ideal (bulk or maximal value) separation between the zero and the pole of the 
impedance. As previously discussed, this separation is directly related to bandwidth-the greater the pole-zero sepa- 
ration, the wider the achievable bandwidth for an acoustic device (such as a bandpass filter) formed of resonator 

50 components having the reflecting stack of the present invention. 

[0026] There are cases, however, where it is advantageous to manufacture a solidly mounted TFR device (for reli- 
ability, temperature effects, manufacturing simplicity etc.). In this instance, the device loses the advantages of an 
acoustic device fabricated with an air interface. Since the most important acoustic impedance mismatch is of course 
the first one, that is, between the piezo film and the first ortopmost mirror layer it is desirable to use a low density Si0 2 

55 for the first mirror layer, mounted on a substrate of the acoustic device. 

[0027] In one aspect of the invention, the reflecting stack incorporates higher impedance layers of piezoelectric 
material that are determined based on the elastic constants of the materials. To determine possible higher impedance 
materials that could be used in the reflecting stack, the inventors have utilized the following equations: 
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c( m/s) = 



^11 (A//m^) 
P (kg/m 3 ) 



d) 



and 



Z(/cg/f77 s) = pc; 



(2) 



where c is the speed of sound through the material and is calculated from the elastic constant (C^) and density 
(p) of a selected material, and where Z is the acoustic impedance of the selected material, the acoustic impedance 
based on the speed calculated as a function of the elastic constant C. 

[0028] Table I depicts the results of these calculations, listing the materials selected with their calculated Z. 
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Table 1 



Material 


Density (g/cm 3 ) 


C 1t (x10 10 N/m 2 ) 


Speed (A/ps) 


Z (kg/m 2 s) 


WC 


15.7 


115 


66.3 


1041 


TaC 


14.5 


84 


59.0 


856 


Re0 3 


11.4 


112 


70.8 


808 


Cr 3 Si 


6.52 


85 


88.4 


577 


NbC 


7.80 


69 


72.8 


568 


ZrC 


6.56 


74 


82.0 


538 


TiC 


4.93 


86 


102.0 


503 


LaB 6 


4.68 


76 


98.4 


460 


VC 


5.71 


61 


80.1 


457 


AIN 


3.25 


45 


119.0 


387 


SiC 


3.21 


59 


104.7 


336 


Y 2 0 3 


4.84 


38 


68.5 


331 


MgO 


3.58 


49 


90.6 


324 


Si 3 N 4±x 


2.70 


45 


105.0 


284 


B 4 C 


2.51 


48 


107.5 


270 


SrF 2 


4.20 


21 


54.3 


228 


BaF 2 


4.90 


15 


43.0 


211 



[0029] In Table 1 are listed the specific material, density, elastic constant C t1 , velocity of sound or speed and acoustic 
impedance Z. As seen from Table 1 , currently used materials AIN and Si 3 N 4±x have acoustic impedance Z equal to 
387 and 284 kg/m 2 s respectively. These materials do not provide the kind of impedance mismatch desired in acoustic 
devices. Based on the calculations above, more desirable materials to use as the higher impedance material should 
have a Z at least as high as that of AIN, and more preferably above at least Z=400 kg/m 2 s. Such materials include, 
bul are not limited to: Al 2 0 3 , Cr 3 Si, NbC, Re0 3 , TaC, TaN, TIC, Ti0 2 , VC, WN, W0 2 and ZrC. Accordingly, these higher 
Z layers increase the impedance mismatcn of the stack, thereby proving a wider attainable bandwidth for the acoustic 
device. 

[0030] One of the reasons many of these materials have not previously been considered for use in reflecting stacks/ 
mirror arrangements for acoustic devices include (1) design tradeoffs to account for, and/or (2) some materials are 
better for some kinds of applications (i.e., insulator versus conductor) than others. For example, some of the materials 
may have been more difficult to deposit (i.e., lower deposition rate) on a substrate than AIN or Si 3 N 4±x ; and therefore 
were not considered as viable for high-Z material layers in acoustic devices. Additionally, some of the materials may 
have contained parasitic capacitances of such a level that it would have been disadvantageous to use them in a par- 
ticular application. As an example, WC (tungsten carbide) is desirable for conducting-type applications, but due to its 
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high parasitic capacitance, would not be useful as an insulating layer for an acoustic device. Nevertheless, it is not 
known to utilize an elastic constants table in concert with investigating material density as a way of determining certain 
high-Z materials that can provide the kind of acoustic impedance mismatch desired in acoustic devices such as TFR 
band pass or band stop filters, and/or resonator-based frequency control circuits, for example. 

5 [0031 ] In another aspect of the invention, in concert with or in lieu of using the higher impedance materials calculated 
above, a lower impedance Si0 2 material than that attained by convention physical vapor deposition (PVD) of Si0 2 in 
the acoustic mirror is provided by depositing the Si0 2 via chemical vapor deposition (CVD) or sputter deposition. Use 
of CVD and/or sputtering provides a Si0 2 layer having a lower density (about 1 .0 g/cm 3 as compared to about 2.3 g/ 
cm 3 for PVD Si0 2 ). Therefore, the lower density of the CVD/sputtered Si0 2 layer means a lower Z (low impedance) 

10 material, which in turn provides a higher acoustic impedance mismatch between the piezo film and bottom layer, as 
well as between each pair of low impedance Si0 2 layer and adjacent mirror layer of conventional high impedance 
material. The result is a thinner acoustic device requiring fewer mirror layers, which may reduce manufacturing time 
and production costs. 

[0032] Figs. 3 and 4 illustrates an acoustic mirror arrangement where the reflector stack is configured as a conductor 
15 and insulator respectively, and combine the advantages obtained by the higher impedance layers and low density 
materia! layers in accordance with the present invention. As seen in Fig. 3, the acoustic mirror arrangement 225 includes 
a high Z WC layer 230 (WC is known as a poor electrical insulator) sandwiched between two low density/low Z Si0 2 
layers 235a and 235b formed by CVD/Sputtering on a Si substrate 240. In complicated filter designs, unwanted elec- 
trical coupling may result from using a conducting stack, but in simpler structures a conducting stack may be acceptable. 
20 if such electrical coupling is to be prevented, however, electrically conducting acoustic mirror layers such as the above- 
noted WC layer 135 should not be used. 

[0033] As seen in Fig. 4, to configure the acoustic mirror arrangement 325 as an insulator, alternating layers of high 
Z Al 2 0 3 layers 330a and 330b and low density/low Z Si0 2 layers 335a and 335b are formed on Si substrate 340. Both 
of those materials are known as good electrical insulators. Further, the desirable or exemplary non-insulating stack 
25 (WC and low density Si0 2 ) of Fig. 3 requires only V/? pairs of mirror layers, and the desirable or exemplary insulating 
stack of Fig. 4 (Al 2 0 3 /poly-crystalline sapphire and low density Si0 2 ) requires only 2 pair of mirror layers. 
[0034] To further illustrate the improved acoustic impedance mismatch and reduced layering attained by the inven- 
tion, the inventors have determined impedance ratios and the required layer pairs needed to satisfy the ratio for several 
reflector stacks. Evaluated and compared were one stack comprising the conventional AIN/PVD Si0 2 layer configura- 
te tion (typically used since the ability exists to deposit AIN as the piezo layer and standard Si0 2 is ubiquitous); a second 
manufactured of a Si 3 N 4±x /PVD Si0 2 layer configuration (a poor combination but fabricated from readily available 
materials); and an AIN/CVD Si0 2 (low density Si0 2 ) layer configuration (conventionally used materials but employing 
the low density Si0 2 of the present invention, which is not currently used for making TFR devices). 
[0035] For AIN/PVD Si0 2> the mirror arrangement has an impedance ratio of about 3:1, which requires 3-4 layer 
35 pairs. The Si 3 N 4±) /PVD Si0 2 layer configuration requires 4-5 layer pairs, since it has only about a 1 .5:1 impedance 
ratio. Conversely, the AIN/CVD Si0 2 (low density Si0 2 ) layer configuration needs only 2-3 layer pairs, due to its ad- 
vantageous 6:1 impedance ratio. It can be concluded that the inclusion of the CVD/sputter deposited low density Si0 2 
in the reflector stack/mirror arrangement provides for a higher impedance mismatch ratio, while requiring fewer layers 
than a reflector stack containing PVD Si0 2 . 
40 [0036] While the low density Si0 2 layer featured above in the embodiment provides obvious advantages over that 
of the conventional PVD Si0 2 layer in a reflector stack of an acoustic device, the inventors have found that aerogel or 
xerogels of Si0 2 for example, provide an even lower impedance material to use in the reflector stack. These materials 
are essentially foams created by the drying of gels in air (xero) or by supercritical solvent removal (aero). Aerogel is a 
light, fog-like substance which generally has the consistency of dried shaving cream, for example. The densities of 
45 xerogels are typically half those of the corresponding bulk material and those of aerogels can approach that of air itself. 
The terms are often used loosely, with aerogel meaning any very lower density dried gel. Although this discussion 
addresses silica aerogels, the material may be modified for lower density when air dried, may be based on Al 2 0 3 or 
other inorganic oxides, or even may be based on organic materials. 

[0037] To form an Si0 2 aerogel layer, a pre-cursor such as TEOS (tetraethylorthosilicate) is mixed with an acid 
so catalyst such as alcohpl and water to form a slurry film. The slurry film is then "spun" on the substrate by a well-known 
lithographic technique similar to that used for applying photo-resist. Once the slurry film has been applied, it is heated 
to preliminarily congeal it into a jello-like consistency. Thereafter, the gel may be dried in air or by a supercritical C0 2 
treatment, depending on the desired density (i.e., there is a range of available densities depending on the desired 
application; thus the aerogel/xerogel layer could have a density of at least 0.3 g/cm 3 at least 0.5 g/cm 3 , etc.). 
55 [0038] The resultant aerogel film has an extremely low density (as low as 0.1 g/cm 3 ), and is an excellent attenuator 
of acoustic sound waves. The sound velocity is directly proportional to the density. For example, sound travels through 
an aerogel layer of density 0.1 g/cm 3 at a rate of about 170 A/ps, or about 6,000 times slower than sound velocity 
through a conventional PVD Si0 2 layer. Additionally, the elastic constant C^ for the aerogel is about 2.7 x 1 0 6 N/m 2 , 
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whereas for conventional PVD Si0 2> is much larger-approximately 10.5 x 10 10 N/m 2 . Further, if one uses higher 
materials such as those described in Table 1 , together with a low impedance aerogel or xerogel layer, acoustic imped- 
ance mismatch ratios of at least 6:1 up to almost 6000:1 can be achieved (approximately a 6000:1 ratio for a reflecting 
stack made of alternating layers of WC and aerogel/xerogel). 

5 [0039] Therefore, the reflecting stack of the present invention can combine higher impedance material layers which 
are determined based on the elastic constants of the materials, with known low impedance material layers to achieve 
a desired mismatch. Additionally; the reflecting stack can be formed from a low density material such as CVD Si0 2 or 
aerogel, so as to lower its density and therefore impedance, to achieve a higher impedance mismatch between layers 
of the stack, particularly between the topmost low density material layer of the acoustic mirror and the active piezoe- 

10 lectric layer. Further, the higher impedance mirror materials calculated as a function of their elastic constants may be 
combined with the low density material formed by CVD and/or sputtering to further increase the acoustic impedance 
mismatch so as to widen bandwidth of a resonator device containing the stack, as well as to reduce the number of 
mirror layers required (and hence cost) in manufacturing the reflecting stack of the acoustic device. 
[0040] The invention being thus described, it will be obvious that the same may be varied in many ways. Such 

is variations are not to be regarded as a departure from the spirit and scope of the invention, and also to modifications 
as would be obvious to one skilled in the art or intended to be included within the scope of the following claims. 



1 . A reflector stack for an acoustic device, comprising: 

a substrate; and 

alternating layers of high impedance and low impedance materials provided on said substrate, wherein said 
25 high impedance materials are selected based on their elastic constants. 

2. The reflector stack of claim I, wherein the acoustic device is a thin film resonator (TFR). 

3. The reflector stack of claim 1 , wherein the acoustic device is a thin film resonator (TFR) in which energy is trans- 
30 duced between electrical and mechanical energy by piezoelectric, magnetostrictive, or electrostrictive means. 

4. The reflector stack of claim 1 , wherein the acoustic device is a TFR band pass filter, TFR band stop filter or reso- 
nator-based frequency control circuit. 

35 5. The reflector stack of claim 1 , wherein the high impedance layer is selected from the group comprising at least 
Al 2 0 3 , Cr 3 Si, NbC, Re0 3 , TaC, TaN, TiC, Ti0 2 , VC, WN, W0 2 and ZrC. 

6. The reflector stack of claim 1 , wherein the low impedance layer is Si0 2 having a density of about 1 .0 g/cm 3 . 

40 7, The reflector stack of claim 1, wherein the low impedance layer is chemical vapor deposited (CVD) or sputter 
deposited Si0 2 . 

8. The reflector stack of claim 1 , wherein the low impedance layer is an aerogel or xerogel layer having a density of 



9. The reflector stack of claim 1 , wherein the high impedance materials are determined based on the equations: 



Claims 



20 



about at least 0.5 g/cm 3 . 



45 



50 




0) 



and 



55 



Z(kg/m 2 s) = pc; 



(2) 



where c is the speed of sound traveling through the selected high impedance material and is calculated from 
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the elastic constant (C ni ) and the density (p) of the selected material, and Z is the acoustic impedance of the 
selected material, which is based on the speed calculated as a function of the elastic constant C^. 

10. The reflector stack of claim 1 , wherein the substrate is selected from the group comprising at least silicon, sapphire, 
5 glass and quartz. 

11. The reflector stack of claim 1 , wherein the high impedance materials have an acoustic impedance Z (kg/m 2 s) of 
at least Z=400 kg/m 2 s. 

10 12. A method of manufacturing a reflector stack for an acoustic device, comprising: 
providing a substrate; 

depositing a low impedance material layer on said substrate; and 

depositing a high impedance material layer on said low impedance material layer, wherein said low impedance 
15 material layer is deposited by Chemical Vapor Deposition (CVD) or sputtering. 

13. The method of claim 12, wherein the acoustic device is a thin film resonator (TFR). 

1 4. The method of claim 1 2, wherein the acoustic device is selected form the group comprising at least a TFR resonator, 
20 frequency control filter circuit, band pass filter circuit and band stop filter circuit. 

15. The method of claim 12, wherein the low impedance layer is CVD or sputter deposited Si0 2 having a density of 
about 1 .0 g/cm 3 . 

25 16. The method of claim 12, wherein the high impedance material layer is selected based on its elastic constant. 

17. The method of claim 1 2, wherein said deposited high impedance material layers are selected based on the following 
equations: 



30 



35 



55 



c(m/s) ■■ 



H p (kg/m 3 ) 
and 



C u (N/m 2 ) (1) 



Z{kg/m fs)= pc; (2) 

where c is the velocity of sound traveling through the selected high impedance material and is calculated 
40 from the elastic constant (C^), the density (p) of the selected material, and Z is the acoustic impedance of the 

selected material, which is based on the speed calculated as a function of the elastic constant C u . 

18. The method of claim 12, wherein said deposited high impedance material layers are formed of a material having 
an acoustic impedance Z (kg/m 2 s) of at least Z=400 kg/m 2 s. 

45 

19. A reflector stack for an acoustic device, comprising: 

a substrate; and 

alternating layers of high impedance and low impedance materials provided on said substrate, 
50 wherein said high impedance materials are selected based on their elastic constants to achieve maximal 

impedance mismatch, and 

wherein said low impedance material layers are formed of aerogel or CVD/sputter deposited Si0 2 . 



20. The reflector stack of claim 19, wherein the CVD/sputter deposited Si0 2 material layer has a density of about 1 .0 
g/cm 3 . 

21. The reflector stack of claim 19, wherein the aerogel material layer has a density of about at least 0.3 g/cm 3 . 
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22. The reflector stack of claim 19, wherein the high impedance materials have an acoustic impedance Z (kg/m 2 s) of 
at least Z=400 kg/m 2 s. 

23. A reflector stack for an acoustic device, comprising: 
a substrate; and 

alternating layers of high impedance and low impedance materials provided on said substrate, 
wherein said high impedance materials are selected based on having an acoustic impedance Z (kg/m 2 s) of 
at least Z=400 kg/m 2 s. 

24. The reflector stack of claim 23, wherein the acoustic device is a thin film resonator (TFR) in which energy is trans- 
duced between electrical and mechanical energy by piezoelectric, magnetostrictive, or electrostrictive means. 

25. The reflector stack of claim 23, wherein the acoustic device is a TFR band pass filter, TFR band stop filter or 
15 resonator-based frequency control circuit. 

26. The reflector stack of claim 23, wherein the high impedance layer is selected from the group comprising at least 
Al 2 0 3 , Cr 3 Si, NbC, Re0 3 , TaC, TaN, TiC, Ti0 2 , VC, WN, W0 2 and ZrC. 

20 27. The reflector stack of claim 23, wherein the low impedance layer is an aerogel layer having a density of about at 
least 0.3 g/cm 3 . 

28. The reflector stack of claim 23, wherein the low impedance layer is CVD or sputter deposited Si0 2 having a density 
of about 1 .0 g/cm 3 . 

25 
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(57) A reflector stack or acoustic mirror arrange- 
ment for an acoustic device is described which may at- 
tain the highest possible impedance mismatch between 
alternating higher and lower impedance reflecting layers 
of the stack, so as to maximize bandwidth . The arrange- 
ment may also reduce manufacturing costs by requiring 
fewer layers for the device, as compared to conventional 
acoustic mirrors. The thinner reflecting stack is accord- 



ingly fabricated in reduced time to lower cost, by incor- 
porating materials providing a larger acoustic imped- 
ance mismatch than those currently obtainable. The 
bandwidth of the resulting acoustic resonator device 
may be widened, particularly when a low density mate- 
rial such as aerogel, CVD Si0 2 and/or sputter deposited 
Si0 2 is applied as topmost layer in the reflector stack/ 
acoustic mirror arrangement of the device. 



CO 
< 

CO 
00 

to 



Q. 
LU 



Fig. 3 



--•j Low Jmpedaree layer low density SiO ? 

j High Impedance Layer WC 



Low impedance toycr low density SiO. 




Printed by Jouve. 75001 PARIS (FR) 



BNSDOCID: <EP 115B671A3_I_> 



EP 1 158 671 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application I 

EP 01 61 0050 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



X 
A 



X 
A 



Citation ol document with indication, whore appropriate, 
of relevant passages 



US 5 873 154 A (PARTANEN MEERI TALVILELEI 
ET AL) 23 February 1999 (1999-02-23) 
* the whole document * 



US 5 864 261 A (WEBER ROBERT J) 
26 January 1999 (1999-01-26) 

* column 4, line 48 - column 5, line 32; 
figures 1,5,6 * 

* column 8, line 37 - column 10, line 48 1 

US 5 646 583 A (SEABURY CHARLES W ET AL) 
8 July 1997 (1997-07-08) 

* the whole document * 



The present search report has been drawn up tor all claims 



Relevant 
_ to claim 

1-3,5, 

16,12,12 

6,7,11, 

15,19, 

24,26,28 

1-3 



1-3,5,7 
12 



CLASSIFICATION OF THE 
APPLICATION (lnl.CI.7) 



HD3H9/15 
HD3H9/17 



TECHNICAL FIELDS 
SEARCHED (IM.CI.T) 



H03H 



Place ol search 

THE HAGUE 



Date ot completion of the aoarcfi 

7 December 2001 



Coppieters, C 



CATEGORY OF CITED DOCUMENT S 

X : particularly relevant it taken alone 
S Y : particularly relevant H combined with another 
document of the same category 
A : technological background 
P O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for oirter reasons 

& : member of the same patent family, corresponding 
document 



BNSDOCID: <EP 1 158671 A3 J_> 



2 




-1. EP 1 158 671 A3 

ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 61 005G 



This annex lists the paient lamily members relating to the patent documents cited in the above-mentioned European search repon. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given tor the purpose ot information. 

07-12-2001 



I Patent document 
cited in search report 




1 Publication 
date 

1 




Patent family 
member(s) 


Publication 
date 


US 5873154 


A 


23-02-1999 


AU 


4270197 A 


11-85-1998 








EP 


1012689 Al 


28-06-20G0 








WO 


9816957 Al 


23-04-1998 


US 5864261 


A 


26-01-1999 


NONE 






US 5646583 


A 


08-07-1997 


JP 


9199978 A 


31-07-1997 



S 

£L 
2 
K 

O 

LL- I 

p 

uj For more details about this annex : see Official Journal of the European Patent Office, No. 12/62 



3 

BNSDOCID. <EP 11 58671 A3_l_> 



WB BUNK V* 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



La FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




THIS 



PAGE BLANK «J8^° 



